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ANALYSIS 03’3=WE IMIGNTALINVESTI(3ATIOI?S0~ TEE P~AEIEG ;
.

\ FROOESS ON TH~ SUED’ACa 03’ “WATHE*
. . . .

By w. .sotto*f “ “ “

.Pr.essureai8tribUt i~” and .spray measureni.entswere
married out on rectangular flat and V-bot.t.omplaning
Ourfaaes. Lift , resistance, and center–o-f-pdeseuie data
are ~aly,zed and it 1s ehoti how these valuee may he .
computed for the pure planing”procees of a flat or V-
bottom suface 0$ arbitrary beam, load and speed., the ‘ .
method being illustrated with the aid of an example.

SUMMARY
. . ..-.

\ Flat and V-bottom ~ongitudinal”ly straight planLng..
eurfacea are inveatlgated. I’or suoh surfaces the total.
resistance nay, for a given lift, be seperated into e
normal and frictional component. The analysia of the
tests leads to representations of the lift and center–of-
pressure position as functions of the aepeot ratio of the
pressure area with the I%oude number, which characterizes
the effect of gravity, ae parmneter. While the fric-
tional resistance coefficient is equal-to that given lty
Erandtl for the.turbulent boundary layer with preeeding
lamin= layer. .Yor high Yroudd numbers, for which thq.
contribution of gravity. to the lift is negligibly small;
there is showy to be an.agreement between the planing ‘.
eurface.tests-and the l$ft on flat- airfoils on the under
eIde. !Chedevlatlon6 from the Vagner theory for short .
platee at large aspect ratios are considerable though
justlf~ed by the condltion~ npgleoted in the theor~.

With the aid of a wo.rklng ohart a number of p%aot3-
aal-,exam~lee ar? ~omputed that provide the answere ‘to
“sevei~l im$or$ant queatioris. Yor the case of the flat
plate the width of the plate, which is always the full .
vidth of the planing. eurfaoe has an effect on “the r* .
sistanc-load ratio in that the latter’”becomes more
favorable .trithIncreasing width.

●nAnalyse o~erlmenteller Untorsuc4ungon iiber den Gleit-
vorgang an der Wasseroberfl~che, ” Jahrbuch 1937 der
deutsohen Zmftfahrtfor sohung, pp. 1..320- I 339.
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With regtik.’-t;.th~ laa~:”effeeb; ‘o~ .aceount of the
lmpairaent in the aspect ratio, there is an impairment
in.the rq~i?tance-load ratio with .@craaslgg load.,: .,.,, .... . . .,. .. .. . . . . .#

With reg~d to the.erf.~ctof the speed, however,
on account of the”improvement in the aspect”ratio with
Increasing dynamic pressu~.e aboye. the first resistance
maximum, there is an improvement .in the resistance-load
ratio vith increasing speed.

“The.test8 .f”orthe.stile :effect show that there .1s
eimilar:t.y of %he p-rqgs~re surfac~e and presleure dis- “

“ trilktion .ahd“that‘.tlj9effect cifthe. dqale.XS.given only
by the dependence. of “t~~ fr~.cqioh coefficient “on the ..”
Reynolds nubejk.. Only for”’.very.amali dfmen:ions and
loads of the planing eurfacds does ~on-sirnilarity occur “
In.thb”flow conditions because of the effect of surface
tension.

!i!heimpairment in the”h.es~stance-load ratio by the
effeot of the V bottom is also shown. With regard to
the effect bf the width it Is found for the V bottom
that at Smqll load or high dynamic pressure. and with the ‘~
‘natural’width, ‘..whioh is less than that of the pl~ing
surface, kn optin@m width ocburs which is to be deter-
mined for each particular case.. .

,.

Whe-n,with the development of aircraft, the Invedti- ..
gat~on apddeveloprnant of seaplane floats-were added to
thd.usual problems of the towing tank, there was a lack
of theoretical as well as expbrlmental underlying bases .
“for ~v&luating”the test results. A first expbrlment with
a flat planing surface was carried out in”1912 in England
at the ~~illiam I%oude Laboratory.arida report was pre–
sented by Baker ~nd Hlllar (beference 1) r who,however~
did not continue any.further work of fundamental in~estl- .
gatIon. In order.to create a sufficiently wide basis, . :
testp on planing .,surfaceshave ”bben conduoted bY the, .
author since ~928 at:.thq.Hqmlnirg Sh.!p construction. ..
Experimental Institute. ..Starting.with teata. on a flat “
rectan@lar pltiing .burface yhicli eerved fpr the ~tu?y
of the planihg pdoceas and”ita effect on”ihe flujfi %:.t-
face the teat program waa.later “extended ~o that ~r;.~sra ~.

.,

. .
..’”

. . . . .
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could be furnished to the mos-t important questions ar:is-
Ing for the constructor and research engineer: namely,
the effect of the beam, loading, speed, and V angle on
the resistance and the effect,of the scale In applying
the model test results to the ftzll-ecale design. These
questions may be answered from the results of planing
surface teets insofar as the pure planing condition is
being considered, this oondition being cliaracterised in
a float by the breaking aw~ of the water at the step “
and side edges of the portion of’the bottom In front of
the step and also by the breaking of the water contact
at the stern. (See reference 2.) The results were
partially l>ublished In the followlng years (reference 3).
Meanwhile, sinoe a theoretical treatment of the.actual
planing process that takeb all conditions into account
does not appear possible, Wagner (reference 4)..ooncerned
himeelf with the limiting cases of the planing process
(hig& speed planing-neglecting gravity, and infinitely.
small trin angles) and by the application of the airfoil
comparison, presented an approximate experimental method
that enabled him to determine the forces and wetted sur-
face of the flat plate with small aspect ratio also for
finite trin angles. The comparison of the first test re-
sults of “the author with the Wagner theory showed that in
the range of small aspect ratios rough agreement was ob-
tained while for large aspect ratloe the deviation from
the theory wae considerable. Wagnem aecribed.this devia-
tion to the effect of gravity. Sambraus (reference 5)
carried out supplementary tests at higher speeds at the
Prussian Experimental Inetitute for Ship Constitution In
order to test the Wagner theory aleo with neglect of -
gravity for higher aspect ratios. B’romhis result
Sambraus concluded that the Wagner theory holds true at
high pl’aning speeds for all aspect ratios. Shoemaker
(referenco S) likewls.p extended “the range of investiga-
tion by toving a series of flat.and V-bottom planimng
m.azfacesIn the liACAtank. .

Ih the take-off of a seaplane the low-~pedd planing
stages during which ~avity exerts a considerable effect,
is of equal Importance with the high-speed plantng stage.
The analysis, presented in this paper, of all the
authorts own teats as well as those of Sambraus and
Shoemaker, leads to a clear explanation of the effqct of
gravity n.ndhence to the representations of lift, r-
sistance and center of pressure, and with the aid of this
analysis these values may be numerlcall~ determined for
flat and V-bottom planing aurfaoes of arbitrary beam and

I_ -

. . —-
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arbitrary loading and speed for the conditfon of pure
planingp . .

. .
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total lift = load (kg)

dynamic lift (kg)

static lfft (kg)

total weight (kg)

resistance (kg)

normal resistance (kg)

frictional resistance (kg)

propeller thrust (kg)

towing pull (kg)

normal forces (kg)

tangential force (kg)

static displacement (ms)

load reduction (kg)

mou.ent about the lateral axis through step (trail-
ing edge for flat surface, after end of keel
for V-bottom surface) (mkg)

speed (m/s)

mean velocity of the water along the planing
surface (m/s)

mean vertical velocity of the mass of water dis-
placed (m/s)

~ . v/~ houde number referred to a fix~d.dimension
of the body

.
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~1$ = v/ ~~m Troude n&nber F“efarrad to a length
corresponding to the load

... ... ,, “ ..

R =. ~“1/v Reynolds number

..-
A“”G’

..- . ,
Ca’ ‘-s lo-ad coeffic-ien’t . .

n Y b3*

A~a* . — lift coeffiolent of the p-1.&iqg surface
Zb q”.

c *HI
c~== derived lift coeffioie”nt“of tha planing surface

m ..

CB* = 10ka coefficient
(A/;)*z” q

A
cB=— load coefficient

baq

w~
of, Cf! =— frictional coefficient

n’q

~~hSt”cmh = _ moment coefficient
Y b4

l~h St
~mhm = mani..en.tcoefficient

A;(A/Y)l’3 .

q=p/2va. dynamio pressure (kg/ma) . “ “

P’ density (kg sa/m4) .

Y sfieclfloweight (kg/ms)

9

.

v kinematic vlsoosity (ma/s)
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Pm
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n’
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mean pressure on Hpres”stie areafl (kg/ma)

mean length of vetted su”rfaoe”(m) “.. . .! “. .....
mean length df preseure area for V-bottom .planin.g -

surface (m-]-.~ ‘. . ., ..

distance of center of pressure. from trailing edge
of pltiing surface (m) ‘.

local elevation (m)

‘.

wetted stiface”.also imesmra’ area ‘forflat”plan-
ing surface (ma)

.pro~ectibn”of
7
ressure area for V-ho*tom planing

surface (ma

wing =ea (ma) .

beam of planing surface
.

bat ‘beam of float at step (m)

% at natural width of pressure area for V-bottom .Eur-
face (m) .

c distance of fountain from trailing edge of plan-
ing surface (m) . . .

a trim

A scale of model,. “ . . . ,

4 dead rise angle .

t V.-angle

. .

. . . .

. .

. . ,...1
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~ EXPEE IMEIWAl .,PROCEDIJRll... ... ... ...,-. ,J. ,. {-------- ..,~-. .. .
Measurement of the Forces

..
-,

Heasurernents were made in the llft , reslsta”ntie,
and uoment about a lateral axis . The threo-oomponent
measuring. gear is schematically shown In figure 1. The.’

1 res-~stance tension wire leads forward from the point
,; Po, through which passes.tha axis .ofthe model head,
*4 to “the dynamometer; The resistance ‘m.easurempnt-is made

by means of a recording pen aqd coarse weight , the
spr”img.force being determined from the record of’the
spring extension, the spring hiving been prev~ousl Y.
calibrated. A constant weight serves to maintain the
tautness of the tension member.. The calibration wire ,
in addition, takes up %y means of a stop the inertia
force that is set up on the model on braking the tow-

1 ing carriage. At equal distances from P. there are
attached the *ert ical tension wires leading to the
moment beam~ With the aid of a eliding weight the
moment ap~lled to the model and hence the trim angle
may be varied. At Po there Is attached an additional
vertical wire that leads to the unloading beam. By
varying the size or the position of the sliding weight
the load on the model is reduced so that the remaining
weight corresponds to the loading desired. One of the
reversing wheels Is formed ae a gear wheel and to this
IS attached by means of a coupling, a winch by me~s of .
which the model at the end of each test run is lifted
from the water In order to remove it from the following
waves and utilize the time of the return trip of th~
carriage for quieting the water surface.

At the start of each test run the model is re– ~:...
leasred only when the “dynamic lift is sufficient to
avotd an undercutting of the leading edge of the plan=
ing surface.

!I!hedraft and trim of the model were determined
from two draft scalee attached to the wheels of the
‘moment.balancea~ Whe ‘setting.for a given trim angle Is
obtained by displacement of the sliding weight of the
moment balance and reading of an angle-indicating device.
Damping when required Is exerted at the dynamometer
lever (damping of longitudinal oscillations) and at the
slide of the moment balance (dqmping of vertical oscilla-
tions).

—



. .

8
. . . . . .

.. . Msw TM J!To. aot51 ,

- The relatlv”e”air velocity at the location of the
model 1s, on ac”count of the closed carriage and two air
scoops, practically equal to zero so that the air r-
sistance of the model”ls ngellgibly small also at high
speeds. The measuremerit”sare therefore purely hydrod.p
namical.

l!hapreliminary tests were conducted with flat
glass plates in-order that the forward boundary line.of
the wetted surface might be determined. This boundary
line under all speeds, loads, and trim angles had the
shape of a very flat arc. In”the subsequent tests
there were therefore employed plates, some of aluminum
and some of wOOa, glass strips betng ineerted at on-
quarter width so that the mean value of the wetted
length could be read off. In the case of very.wide and .
V-bottom surfaces several glass strips were used. “

The model was suspended without crowding so that
all the errors in measuring the draft, trim, and longi-
tudinal displacement of the model were negligibly small..
Insofar aB they were not eliminated by the calibration
Itself or by having the wir”esrun on circular eegments
“where required. ..

Pressure Distribution Measurement

For taking the pressure distribution measurements
the planing surface was provided with about ninety
measuring stations which were arranged in three longi-
tudinal sections and a number of transverse sections.
Figure 2 showe a measuring station in cross eectionfl
The free opening of the orifice is 2 millimeters In
diameter. The glass tubes over the orifices aze held “
fixed in position by me~s of a ehort pipe construction.
In taking the measurement the planing surface is held
fixed at the trim determined during the resistance
measurements, the measurements being conducted with the
wa$er surface smooth. The heights of the water columns
are marked, It was checked to see whether there was a

. possible interference effect of adjacent or”ificesby .. “
closing the ~riflces with plasti+che in the check runs
and keeping only one orifice open. ?To appreciable dif-
ferences were observed, Check measurements with 1-
mlllimeter free opening of the orifices showed, on .ae .“
count of the stronger throttling of the liquid columns,
a snaller fluctuation.

. . . . — -m n -.. ,-,,,,,.. ,
■
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‘“Yor oht”ainin~the prbsmr~ distribution, it was
....“necessary .to mske sqye-r@Xtest;“~-unm”ateach trim.angle,..

sl’ightspeed differences which af%’ticf”e-i-fh-&”ldadln.g on
the ad~usted plate being found unavoidable. The meas-
uring accuraciy is to”be estimated :at about *5.pereent
of Ah.

~EOEtiTICAL .13iSiS Oi’ TIIISTS .

For a surface in steady p~ariitigmot~on on a quiet
frictionless fluid surface (fig. 3) the 13ernoulli law
may be applied tQ all the streamllnee including the
diylditig streamline. ““.

*
.1 ~a .

—+
2

~ + g s = constant (1)

The pressu?e p is assuped “to.be compose”d of the
statio pressure Pstat due to the weight of the fluid

and the porttcnl pdyn due to the dynam~o effeots. The

stkflc lift is therefore ‘
,-

Astat = COS ~ J“pstat d~ (2)

,+n.dfor a flat rectangular planing su~face may approxl-
m~ely be set equal”td . . .

Astat = Y V = ?“a2? h,.
(3)

(
~ .Gibld~ ~ Ce$d?) ~

J 2
u~h #o-j .

if the wetted length 1 Is determined during the test ,
it being assumed that the rise In level at the neighbor-
hood of the pliyxzrigstirfaeeis .cbndtant.. .. .
..+ B

-.. , The dynqmio ll,ft Is .-,-. .

. .
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an~ ,according to the momentum law is”equaL.”to,the time
rate.of ohange,of mom”entum o.fthe mass of water involyed

. . ..

The total lift of the planing surface Ie thus

.. .

(5)

(6)

-.

In the caee of a YisuoueIfluid ,the streamlines “..
and velocities, in spite of the boundary layer occurring,
agree approximately with those of the frict ionless flow,
differing only in the appearance of an additional tan- “
gentlal force T.

0w3ng tothe effect of-the finite width there is set
up at the edges a cross.flow with lateral pressure drop
whioh for efficiently large values leada tb “a separa-
tion of the water also at the side edge6.

In the pure planing phase .characteri$ed by the
separation of the water at the trailing and side edges
of the planing surface the resistance of a flat eurface
as VG1l as of all surfaces that are longitudinally
straight and without twist is given by

w= WJJ + WR
T

=Atana+—
Cos a

(7)

The normal resistance

WE = A tan.a (8)

. .

is proportional to the load”and the trim angle but in-
dependent of the speed, while the frictional resistance

mi=~” T=oflrq
Coca= . .

(8s)

. is proportional to the wetted surface and the dynamic .
pressure, the frlotlo~ aoeffieient *f1 being a function’”

.—



of the Reyno~ds numbe-r ~ y vlf~ and “depending on .thq
-“““hstur~’-of ‘the .beundary lay-en.qs...ualaa..aa..qnthe rough-

ness 0$ tae S.wfaca...
:. ....” . . . ... ..... ... ,.. .. .

... . ,~~5UI@ .~~:THM TESTS ~. APP~ICAT IONS
..-

.~(A]‘~h~ ~.~atFlani& Surface. . . ... . .. ..

(1) Re&ti~~~:6f”f~h6’’~relirnlnarIy.Testswith Ylat,. .. ...*”..

Planing Surface

. . . . . . . . .. .. .... . . .. . . ..- . ...
.“. #or the p*e15rninkr#ttesf on.the’flat ric”tangular “
planing surface average relat~ons. were chosen with r-
gard to boamj load, and spesd,’ Yigure 4 shows a .
logadithmlc plot of the beam at step % t as a fun+

.ti.onof th~ flying boat weight” 0,”,or .G/2 in ths”case
6?,the tw$n~floa~ seaplane, th-eloa~ coefficient QaI

biin~ taken as par~eter. .Selecting” from “the mean range
a.beam “bs~ =.L.800 meters and with ~ = 5.185 t ~~

=af.= O-889 , furthermore a mean airfoil lift

A= CaE’~ = 1296 kilograms, l Independent of the trim

angle and assuming.a model scale .X = 6, then the model
beam is .bSt = 0.300 mete-r, the cor.responding weight

G = 24 k~lograms and the hydrodynamic load at v = 6
maters”pbr second - an aVerago speed in”We spoqd range
in which tho seaplane float executes “apuro ~laning
motibn U A* = 18 kilogr”tig, then ‘B = 0.109 and Z*

.—

= 30740 The trim angle.range of int”srest Is
o~a~

. to 10°. “ . .

RssistanGe,” moment ,-center of pr.essurem.and static
On’ ftg~ e 5 .&e pl”otted t,henon-dimens Ioqal values.&m. \

e, W*, 2/b, l~j 2,. and
\

Aitat/A as functions of a.

Tan ~a r“oprosents the lower l~m~ting”value of ths re-
-‘si’s”%~c=l&&T’~b~fioffi--% ‘-tf ~~rd+ng- to equation. .
(7) the frictional resistanqeo.tiR,.‘on the assumption

of frictionless flulod, becomes zero. Since v.ith in- .
. oreasing trim angle a the ratio of the friatlonal

‘Oa = 1*2 and ~ = 80 ma corrospondlng to 65 kg/ma
surface loadlng,
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port Ion mof :th=reesi”e~anae ~ WR to.the total resistance.—

W yap”ialy:“tle”&eass~oh -acc”oixntof “the strongl”y .&Gcreas-
ing wottod area 3’,
I/b,

an tiaybe seen “fpom“the trend of’
the c ourve approaches asympt otimally the value

tan a and .~.Qz .9 .? 10.0 may be...replac0d approximately
by tan “’a.’““Adoth= -ae~ptote” is the axis. of ordinates
sinco F an:henca ~~ . . .. .approaoh infinity as a+O.

The position of ‘the minirn~ lying b“etwtienthe asymptote
ie dot~m~qad by the :r.atioof. the .friot$onal to the
total rosietance. For average bonditlons this pdtaltion
lies botwoon 4° and..6°.:.

Pressure distribution and charaoter of flow.- Figure

6 showb tho .mdksured ‘preeeure distrlbdtlon and the flow
picture for” tha anglas 4°, 6°~ and8°. Xhe sta&at ion
point libe near the leading. edge of the wetted surface.
The groatoet portion.-of the water “stream flowing up is
thue deviated. downward whl.le the .portloq.of.the water
lying ahead ef the e+agna~ion point ie projected forward
a’pepray, qhe rnaxim~ pro&@re, measured” at the sta~
nat ion point i.enuains oomeiderably below tho etagnat Ion
preesuro. “-It 1.spr~sumed that the full etagnat ion pree-
sure occure wlthln. SD narrow a rango that it dope not
e~ow up in the rneaeurement. . ...“.-.

. .
“On account of the shhrp-edge boundary. of the plan-

ing .surfaoe’”the flov at fha trhiling edge already begine
to saparato at.cQmg.aratI.velylow speed and the water
continyoe its,downward motiwq behind the plate, thus
forming a depression which is l$mito~ sideways by two “
wave trains .cotiirig.from tho sldo edges of tho plhn.lng
eurfaoo. 9!h&wave trains m’oet.behind the plani”ng sur-
face in tha plane”.of .symmetryi and .at the point, of. in-
terjection the water epoute up in the manner of.a fountain.

f Tho t~an~oree preeeurs ~o~ pzodpoos a prose flow
. &hlch for a “sufficient speed .lpad~: t“o the” separ-ation of
the watol* also at the side edges. Yhe ebparation’‘be&tns
In tho fo.1’tiardregion of tho .prea.sur.eemea eveh a% tha
emaller spoods,,.,onaccount of.the rslat IyeZy high pres-
eur- or pros-o. dr~p that oco.~rqthere., and with in-
creasin~. speed oontInu.”est,ow~ld~hs rear ● !C~e dlde :spray
rises steeply.•~&r the”“surface and then eprea-dsout
.lattirall~.““. . “’ ..””““-.” ~ F“ ““””””” ,“ “..-. ...” ....... .. :... . .. . ... ,. . .

“.
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denter of mreskre. -” U the +ra~litig edge of the

plani”n~ surface is ohoa&- as .the~axis about-which
moments are taken the moments. on the pla.ping surface,
aooording to figure 7 “a’&e ., “

. . m.. . ,.. . .,. ..-.. . .. .. ., .,

. ~ ll.J+fl.Z.’~ta= ~ “.lp.=,.Mh& ; ‘“
-.. . . ..:.’”,” .’J

. .

Under the aot”ion”~of“the applied moment ‘at the left
df the equation the planing surfaob trim%-to an angle ‘
a for whi~, the hydrodynamic ahoment at the right Is
equal to the applied.“mement. A plot of the moment. coef-
ficient dmh* shows “the v~iqt Ion of the moment with

the.an.gla a, The greater the trim angle a the
s-mailerIs the increment AM~ St in the moment required

to change the trim angle by an hmount Ace. ,The ratio

gives the position of the oenter of pressure if A is
assumed to be approximately equal to N. According to
the curve in figure 5 Ip/z = 0.77 with a tendency to

decrease as the angle a deareases. .
.

The moment of the statlo lif”tdetermined according
to formule (3) is

= &at .+
●

Mstat . . cos a

b

so that the diptance .of the odnter of pr.esaur’eis
.

Mets* z . ,Zp
2Q=—

‘stat.‘zOr T
= 0:333 (lo)

..
The moment of the aerodynamic ‘lift

.. .

%yn
2“ ; Oos a

> %yn ~
.

#
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an~ the dlstan.ce of:.,$he. qpntpr ..o$.pressure ... ..“’ . . .
.-.’.,..

. . . . . . .

. . “3?>. 0:666. ~ : ..{ (11)
2 ...f .. . ....

if a triangular pressure distribution with the maxinum
lift at the leading edge {S apprex~mately aseumed, since
according.to the measured paesbure distribution the center
of pressure lies always ahead of the center of pressure
of a triangular. pre~sur e..distribution tha lever arm of
which uould be 2/31 -ccs a.”: . .

.
.,. . .’. .

Yrom equatlone (10) -and (11) the:follow”ing may be
said about the .center of pressun~ travel: With in- “ .
creasing trim angle (A and v beiqg .oonstant) the ratio .
of static to total lift As*at1A decreases and zp/1

increases , as is confirmed by”the preliminary tests. ,
With. increaslfig speed ( I/b mid a constant) the dynamic
lift increases with the dynamic pressure while the
static lift remaine aonatant. The ratio of the latter
to the total lift therefora decreases and correspond-
ingly 2p/a increased.. “

(2) Results of tho Tests with Planing Surfaces

(a) ‘Lift “

The l$ft A by analogy with the similar expression
used in norodynamics may be expressed hy the equation

A= “Ba*E’q”.” “. .

In tho case of.the airfoil the lift coefficient Ca ,

in the niddie range of the angle of attack and for small “
aspect ratios, is proportional to the angle of attack q
and the derivative deaf.da= oousta.nt if I/b = constant.

If, for tho eqerimantal range of angles, tho same as-
sumption is made for the planing surface (reference 7)
then

dca* .ca* = — a “= ca”a “
da

(12) .
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where the derivative ,~s ‘ieplaced .by ‘“Oa; .“.In70rder to- ‘ .

eliminate a aO PU-eter, as ~ould. be conven~eqt ‘for..
a suitable representation of the llf~ co,effic~ent, it l;
therefore written

. . A.-. c~ =—. (i~]
qr q,:

....

The test curves.of figure 8 *OW th~t for the regio~
of high S1’roudenumbers F* .the assumption Is suffloi.ent.ly
Juetifled as a praotlcal-working hypotheals. Deviations. .
from the straight llne’law may be aecribed to the gravity
effect as will be further clarifled below. If, In fi~ .
ure 9 ‘a is plotted as a funotion. of the aspect ratio

Z/b (refer enoe 7), then from the foregoing considerations
the B’roude,number X* will be the parameter. The
family of ourves gives the results for all the lift coef- .
fiolents dbtbined from the 33 test series Indicated on
the figure. TO bring otitmore clearly the scattering “
of the points, since the plbt%iqg of .al~.thq test points
would oomplioatb.’thedi~gr.~, figure 9.6sho”wsthe values
for the test series 2; 14, and 22 to 33”with- I* = 3.74
the constant value. All v.alues”.ar.e’well represented by
the heavy averaging curve.

In figure 9b the lift coefficient values correspond-
ing to the tests of Sambraub (reference 5) have been
platted. The wetted l.mg~ 1 on the determination.of which
the acctiracy of ‘Ga mainl~ dep~nds had .Irobe ob.taiiied
by photograph”iomeamuremetit.s..In:.the Sambraus tests. since
the.hi~h speed oarrkage ~ld notpermtt direct. obs&rva-
tion.-.-Sd.ncethe S%hward boundary:.of the prehsure area
at high dynamic prsssufi’~kand.sma%% ‘loads,.”.su&as were
mostly assumed by Sambraus , fluobuat ed greatly even for
an almost smooth’wa~er surt%ce w~.<.tiee”.=seo. II,.4 of ref-
erence. 5) direct”..-observatio~eas made. In the.tes%sM tho
ESVA’tank; i.hwktd~.the fluotu’atlonsmay. be we~l av~ragbd~
are more reliable. !Chescatteriwg.must ‘b”e“greater the .
shorter the wetted length - that is, the smaller the as-
peot ratto ,of the plahing surfaoe. Taking these condi-
t ions into consIdertitIon.It is p.oss.i.ble..tmspeak of a
reasonable agr”e.ementbetween the two series of tests
with the exoopt ions of tests 2, 3,and 4 the coefficients
of. whioh arQ about 1.6.pero.eqthigher. The coOfficie.n.ts..
of the otlibrtest serle~ of Sambr&us lie 10 to 15”peree-iit



. ..- —.

\
.

16 .;.HAO.A.l!~I!@. 1061

hig4er..only.in the smallest .as?ect ~~~io...rangemt/b.m=.”0.7
to .1.2, a&eo for thq medium aspect ,rat+o range Z/b.=
1;-2tti“2.5., @’d become somewhat 1sss at’the maximuq .’as-
‘pect ratio. I/b = 3. “ ‘ . ‘ “.

In figure 9C there are similarly plotted the coef-
fi~lents of the tests by :Shoemaker (reference 6). In
the American tests the wetted length was obtained by
mirror observation of the spray coming off”at the sides.
This method, too,cannot lay claim to the same accuracy
8s the determination -by direct observation of the for-
ward contour of ‘the ~ressude area tbrdugh a glass.~trlp
inserted in the platb,” Cortespbndlngly, there Is a con=
siderable soattaring of the values for “small aspect.“
ratios. I/b <.1. the values ‘lying”o“nthe average below
those of the HSVA measurpnrents so that in this range

the latter values ayerage approximately those of Sambraus “
and Sho6.maker. At”large aspect ratios the measurements
agree.very “well s:?ce in this range an error In the
dmetermination of the wetted length only slightly affeats .
the value of the llft” coefficient. “ “

●

For Froude n~ber.s T* ~ 8.5 the effbct of gravity
Is negligibly small and tie lift coefficient Oa is

d“e~erminidby the empirical e~uatIon .

., ..\.. . = 0.845
(
z )-1 ‘ac=

T) (14)

..

In the-previous section it was established that “
the fraction” of the ‘static displacement Increases with
deocreaskg trim angle ‘or Incrbasimg.aspect ratio. The
OUXVOS.with different Z* parameter therefore. dlv.ergs
in the direction iii increasing .I/b. . ..

. ...””.’.
. . As a limit. of the pure planing condition - that is,

when “the sides of the planing surface begin to be wetted
. at.the stop –there is obtained .a straight line passing

through tho family of ourves .. . . .
. .

. . .
-. .

0
-0.375

cd = 0..94 +
.(

..>0;75if ‘$
)

,(1$).. ..
,. ... .

which at the samb ttrneconnects the mln_s. aY the curves.,

\
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hln?mar 1 aon wi.ththe ,flat
.. ..

.- The
I-wind~tunne~-% e~%s-‘Mih%1e& ouii ‘b-y- ~i’n’t eq ‘(-r.&f er ence-8) on
flat plates of vtirio-ue.&epe&t ratio.qprovide a means of
comparison-.betweeii‘the plan$ng su~.f.~ce:and aB.airfoil.
In the tabl,ware given.”%.~e ooeff~plentis of”the total “ .

.. .... . . .

lift.coeffioiOnt ‘in t~i-air
.:..-. C* COEI.CC.

%tot. = 88 a
a-”

fullctlonof..~/b ~for’.~~k LOOm “.~~om $h@ pr8E8ure
measur eme~.t:.(.fig. 23 ~n.”Winter f s.,,.~aper.)ther-p’is ob-
tained by”integrti~ion’ti.-far a = Qf,po ~f the.@ressure
dlstrilmtion..on t~e top qnd bottom sides, the.ratio of

lift on.thO two eidee Abet/Atop.= ~ ‘ .
0:.#.+!;or:“.

..-.,”..
Abet.= 0.39 Atot. . ‘

.. .(“16)

. .

If ‘for the angleof-attack range considered .t~.eahoP&
relatio?i In the absence of pressure distrlbuti.o’n‘mess- .
ur~ent. ct small angles of attack is Bs8ume.~c’on~tant.
w%th ch~ge In angle “of attack and awpect~$at.l.oethen: .
the}a~~ight. line ‘in figure 9b “ .. : . ‘ . :

-.. ..).? ....
... . -. f. i-I/a

Ca .( )=’0.91. “
+. .

.(17)... .
. .

. . . .,

give.ethe change iritbe lif~ coefficient oh.the bottom .
side bf the flat rectangular plate in ah. ,Formulas””..
(14) and “(17) ..differ“only by the value of the const~t.
and that “to such’”asmall extent that the lift cOOffi-..
cienta in air and water may .bd..aa%d to”agree aO long ae
the sf$oct of grayit~ is negligible.... “

.. .. ,..... .
.. ..

. . :. . ..: ,.. .
. .

... .. .. ;. .. . .
. . .. &

.,
. . . . ..-. ..1

,. ”.. . .
:.q.

m.. -“ .. - -. . ;.-..:..+- .’ !.(- ,.,-,.-.r, - ,; ,. . . -.; 1? .4 !: ;.3i.=”:r.”~f----.“1..- . .. . -.
. .

..

. . ..-
.

,

1- --– ..—— __ —- ..
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.,. ‘?%* .“Ee.ctantNlarSlat’.eId Air .- “ .----- .

..—
. . Ijb . “ CM

0.5 .“ 0,576.. :666 * - .520
.80 .468

1.“0 “.412
““1.517 “ -.338.
.2 ,30-0

.. 2.8.6 ““‘ .237
7.48 . ..155-.

-.
.

. .-

% ot. .

3.25
‘2.93
2.64
+.Z2 .,
1.91
Z.69
1.34
.875

. .

. .

1.27
1.14
1.03
.905
.745

,. .66
.522
.341.. . .

“.

. . .

Comparison with the theory of .Wakner and the re-

Sults of Sambraus .- On figure 9b is plotted the lift
coefflclen$. Ca according to the Wagner theory for the
sho”rtp-lath. The ourve, which was -obtained b~ neglect—
Ing grati.ity is to be comp~ed with the curve from
formqla (14~ for whioh the effect of gravity 3s negli-
gibly small. In the range of small asptectrattos the
theoretical curve lies about 20 peroent above that ok
tained from the test results where, however, it is to
be n~ted that in the theory, on the assumption of in-
finitely small angle of attack ‘bet has been set equal
to 0.5 A~ot; whereas, for finite angles of attack the

pressure measurements of Winter give the ratio of
formula (16). A coqlete. agre”ement between test and
theoqy Is therefore not .to be expected. In the neigh-
borhood. of Z/b = 2 the aur~es Intersect md diverge
with increasing aspect ratio. .

. .
In the case of long”plan$ng surfaces (Z/b2 3)

there Is good experimental agreement with the flat air-
foil in air (under the assumption = 0,39 Catot);

Cabot .
whereas the Wagner theory of the short plate does not
agree with the test results also for planing conditions
for which the effect of the earthts gravity is negligible. -
(The theory of the long plate gives greater deviations
from the experimental results as shown by Sambraus.)

.

—
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on-th’e’long flat, plan-
3’I.h.heference.6) thus
a-zw-tu-ba -.mmze ---------

meritedby the statement tha~ at high S’roudenfi%ers 1*1

the lift in ,th.einveet~~gat.edrange et oonstant aspect
ratio vsri~e linearly with the *rim angle !titthat with
deoreag ~n~ ~“ro.~de.?.junb.?r{hd-$lf t-“coaffici”eh”t ae a r“+.
cult of the incheasin”g,favdrablb, effect’of gravity
Increaaes so that d~a*/~ .‘dbes”not fi”emalnkonstaztt. “

.- >...”” -., .:.-. .:. - “. ..
-. “,.. . . ., ,-,

.-i “--(ii,Re.aietailc.e.,’. “ “ ..“ -~ ,~ %,.-..
. . .. .--.. .:

~roa formulq ‘(.8a)...t~ere‘is.‘o’btaln~dfor.the fr+&.
tional coefficient cfi = WR~~ q? When plotting cfl

as “afunction” of the Reynolds number .R:= v Z/V and com-
pari.ri~vith the results qf pure friction measurements,
the following points are to be noted:

.N
1. !lhenormal resistance W& obtained & eubtract-

1~.~f.r”onthe .m”e~sur”e~tot’&X‘“reeIstiahcb’‘:W ie”, In the
“ra.~ge of minimuh resistance. of”~.About‘t~e e~”~ .qagnitudp,
an~ “for higher ““trimangles ,““considerably”ladger”than the
fr~ctlonal reaistanca W~. Since.*he scatter tag con- .“..
tribution of the measurement on WE Ie removed, the

scattering of cf’ must be relatively large and in–

c“reasos~~l,th.I.qcr.easing ~di.m“angle.. ,

;?=’2’G7P.resontatioti hero-chosen the l?roude number

Iti’proportional to the ep6ed” ad in- “
.... ...-

verskly >rop’orf$orial to the s~uare root of a d.imensiok
which increases wtth increasing lift; narhel~,the’’~eri~th
of an .edge of the water cube In correspondence with the
physical interpretation .of tha’~r.oudenumber . The number
chosen by Sambraue Y =‘~/~, ‘which fulfille its pur-
pose as regards considerations of similarity, increases , .
however, yith decreasing width b; ,.81s0,for sx~ple;
when.,~p.ewetted. Iengt.hr.emalns.oonatant with .dec~.easiig

.- . loa~. Thie repreeentatlan ie not suitable for the w“ork
..un~er cotih17f@%31’en.-‘~ WMW A&,.--,~&L9Jl -:.$t3*g.b).
IS used for the Sambraud otests,it,appear,ethat-the .latt.er
only’sllghtly exoeed.the T.*”*ange..of our own tes-ts.in
spite of higher. test -s~feedsom-aocount of the applica-
tion mf narrower pJ.ate*, .. - ... f“.. .
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““ 2...The..wc~ttterMg “$8 Iqcr.eaeed by: -th4?.fact, $hat the
sie-it3urc3d value””~o’gthe: wettp~ qqrfac.p,~:....fluctiu.at.p=.mor e

the -smaller the, yalua of. J = that -la..,t~e.larger t~e.:
“amgls an. ..l.Al.. ... .. .. ,:, . ... . , ..

3. The.vater:,thrbwn.,up.:ikfront, “as .ti#ray p&$l.~lly
wets tha batta”m-sup,g-a~~&d tiecseases the r%s”iia,tant? ..
(reference 4);-~Th:s thrust. canriot’b~e.dQt ermined and Is
thus mat ..tak,m,.int~ acch.~t. .~. .. .. “

..
. . . .“. .“

4. The total pressure surface is used in the compu-
tation as the wetted “surface in spite of the fact that
the .diroction of mot ion tif-‘the uat & part l~les at the
surfaco ahead- of the stagnation line is forward and in
tli,e.s.ido”rdglons h-ala‘a side “componan%..:.. - ..... . .. ... . .L ...

5. !Eho high pressur”e:r”qgion-is superposed on the
.frtcti“onalboundary l~er..with tho .rqault of a dsor~e
in speed so that ~m-~ w, : ~hls-dee.reaao in speed in:not

taken into account.
. . ~..,... . ..

....6. The Raynqlda. lqw%asqumes geometrical similarity
, of. the.flov~ Zhis requiqamept ~s not eat.$sfied since.It
is possibla. that the .wet.tQd,len@h ,1 .and hence also
R .mm .bo~.con~t”antfor..y,ar.ious..loads;whereas tho trim
angle,~d .honce,the pressure “&ridveloclt.~ ?Istrlhutlon
8r6) d~ff Or EUL.t. ‘

,.

. .

In figure 10 are plotted tho cur~ea for th~ ;~rips
of tests 1 to .33. It “may be seen that .in.spito of fhe
abovs restrictions the valuea. of af 1 are-relatively
well .represonted.by the. FUFVO giyon bY.Pr@tl (rofer-
encq 9) for the turbulent b,oupdarylayer with ~r e~eding
lami”nar~layer. .

.,”.”. . .. . ., . .

.(18)

. .. . . .
,,

~f.it”is taken. ~nto accouht “that the-qcatterlng that
“tin~:e~liesthe”Pra@~tl’.curvp is.likewise not small.

,.
The rn.dasuikmentswere partIy conduot ed in bompletely

quiet water: namely at: the beginning of the tests and.
after long intervals and p’aitl~ in water With a slight
-amount of motlbn. The relatively small &battering Is
therefore a proof of the faot ,that in eaoh case only a

.
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single stable form of.the boundary layer exists- Wia
. “..isof psL+icul~ ~mpo-rtanee for -tkemodel teit sinde

the larger portion of the towing test occurs within the
range of.Reynold-p n~.b.ers,inwhich there might ~osslbly
have been two boundary layer conditions and.henoe flue
tuations in the fri~ttonal re~iptan.ces up to about 100
percent. ,,

. I’or’lleynol.aiti&ber
at mean phefasurps :....

. .

.9+’=+$

II <Joe .the .s&face tension .

.< 20 - 50 kg{ma (19)
. . .

.,
results In thq”w.ett~’ngof.the sides of the planing sur-
faoe, thereby produoigg.a acms.iderable Increase”In the
resistanmao. Under these coridltions spray no longer oc-
curs. The condition for the occurrence.of the pure
planing process i’etherefore, according to formula (15),

()‘Z_
-0.s?5

c~ < 0,94 ~ and, l:aocomdimgto formula (19),
.

pm > 20- 50 kg/ma. In the towing tqst, for considex-
. . .

able Inter’v”alsduring the take-off process”~.. pm<2w50kg/ma

if the scale of the model is made too small;”thenthe
model resulte are no lomg.er.traneferable to full scale.
The test series 31 to 33 belonging to a single scale
eeries lie in this range and partly aleo in the test
eeries 10 and 11, for.which r~ason in the latter case
the C*! values rise unst.eadlly with decreasing mean

pressure (increasing 1 and It).. That these:valuee of
~ft . lie la the range” of the.curve for turbulent bound-

ary layer Ie physically nut ~ustified and may be con-
sidered as an accidental resu.ltj

. . .. ‘ (c) ”C&teri bf.’P#esiiire- ~ . ~. . . .
. . ..

The fundamental. observations pkdtilously made Ori
‘the-.ef’fectibf-tliebafitti~b’gravit~on the poeltion of
the center of presknzre ar-eqonfirm6d in the family of
curves (fig. 11) which shows. 2p./Z as.d function of 2/b

with the Sroude number gill.ae parameter. .Yor Froude
numbers greater than 8 lp/Z = 0.8 oonstant; Both with
decreasing Z* and with increaelng aepect ratio
( If X* < 8). the center of pressur”emoves In the direc-
tion of the trailing edge of the planing surfaoe.
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(3) Application of-the ReBults to the D?te&minatloh

of the Effect of the Beam, Lba~, Speed,and Scale
.. . . .

h the Range .afPure Plaiiing
.. .

In the following paragraphs a number of illustr&-
tivp examples will be computed as.regards lift, reslst-
ante,.afidcenter of pressure and thereby a number of
important questions with reg~d to the planing problem
will be clarified. In the following diagrams therefore
ih..addition to the numeri.d~lly computed curves theme
will also be indicated the test points obtained from
measurement so that the extent of agreement of the famil~ce
of curves in, the working charts will.b.ecome clear.

. .

Zhere will first be described the procedure for “:
the numerical computation. Let there be given the-width
b of a flat rectangular plaming. surface, the lift A, .
and the planing s eed v
number Z* = .l-:ndI:e::er::::r:: et:r~::: the
resistance-load ratio ratio t and the moment coeffi-
cient cmh* ..as functions .of the trim angle a, Corre-

sponding to a number of suitably chosen Z/b values
there are determined from figure 9 for the parameter
X* the lift coefficient c=- .~rom the equation’

.-

.-arc a = A
ca I/b .ba q

there is obtained the trim angle a,
Is . ,.

. .

R=~~.b.

The.Reynolds number

The corrosporiding frictional coefficient cft is taken

from figure 10, the curve-for tur.bulbnt boundary layer
with preceding laminar layer and

. .

.

is detorrnined, Therefore .
.:.,.

c=~~”~taria.”. .. . ..-. .
.. .“.
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Yu”r#~erJ,.“for”*lie Intersection point of the c= curve,..-,k-:,,...
and tM,’‘1’lh”i%I=g’-“c+Y”9‘-62jjti”~-W-la”ni-hgIn f 1@r e “9
there are dentdrrninedthe corrbspohdigg aspeot “ratio and
li.m.it”$ng.eq,gl:e,dbsp e“ct”ively-,at whioh the oharaet er of
the flow .changks. The- do’tte~ per. tlons of the illu.strti-
tion curves apply &b’ cdnd{t’ioma for whioh the pura-
plqning proco.ss-has not .y~etbee-n reached so that it may
be’e“~ect ed’X.hatt’hemeasurement iesul%s .exceed the
e.o.h~.u-t.ed.&es.ult&.on adbbunt of. additional resist ano”es..-,. ... . ~...-, ,.-.. . . ...,. .“

1%’om”f1~.d 11 3p/1..“’ftisimilarly determined and

with llhSt A 2P’A
,. .,

.. . .... . ..
.Mh St “ ~~. 1.:’ “b[ . . .

.’ c~’?:=
“!‘a (A/Y )1z~ i Y (A/Y)l/s

. . . .
. .

(!3)Ef~OC~ of the Width ~ ...

For the interpretation of the test results “onfloats
it is of .importance .todetermine how.the reels tanc-load
ratio and moment coeffiotent vary with the w~dth for
constant load and plantng speed. .

Five flat rectangul~ planing surfaces of various
widths , In comparison w$th.the initial test with plan--
ing surface A, were “investigated according “to the -..
following tept sohedule; . . “.. . . .

. .. .

Planing
s.urf~ce

4.:.. . . .... ..
,

IITest . . bn... AEg.
num- .. ..h
her .

. ’22” : 0. 6;0 ‘ 18.
- ‘2X ~ ..$0”0 18
24 .;.“#o.o 18’

2+25 ● 8.00 .i8‘
26. .225 18

“n?? . “+5-?~..,>8.

.0.0272
.0392
,0612
.1090
.1940.

“ “.43.50
.. ’..1.

. . . . . . . .-. ..

6“ 3:74.
6 3.74 .. .
6 .3.74
6.. 3.74
6 3.74 .
6“ 3.74. ..

. . .

~~~.f~~r~ 1~~.thq.r.is~”gtanceand mom.en.t,coefficlent
c an&. cmh* ...c;omputedfrorn~the. measured. values haye
been ~lotted as fhnctl$hd. of a with b..ae p~~eter,

1=!!! -,1!.!.!,-. ., .!..,, ,,,,. , ..,,,,,,,,, . . . , ,,,



t

the centInuoue cur”v~s”giving the, c.oefflclqnts de.ter@ln@
by conpu,tatIon..”!CheexampLq -phawa that in.the case of..
the flip+platp. fcr .whtch .thp gull width contributes. to
the li.i%the optimum resdst,a.~cs-lad.rtiticbecomes. con-
tinuously mare favorable with lqcr?~-sing‘width and de- “
creas~ng aspect ratio or .wett-ed~.ea, - .

Itithe range of “small wid-ths’the”.lmpa~rrn.?nij“of tli”6’
r&t.icdue,“to the .Ircc,reaslngefmfeot.of .gravlt~ decr~asei.
If the pure planing process discontinues, however, “the
ratios again ,increase ..op.aqc.ountof the addt.tions.1edge
resistances.

As limiting value of the width at the”steps of sea
floats there is given i.yifl

P
re 4 for the wide float

the value b t=
7

L.a (GJY)l 3 .“an”dfor:tha narrow float
bst = 0.7 (G Y)~3. If for the ‘tests‘under considera-
tion, according tc the assumptions of the preliminary
test, the displaced weight at rest is chosen as G = 24
kilograms, then the beams corrbspcnding to the beam at
the step in..themodel are blargp =..0..4meter and

b8mall aFO.2 tieter. Yor “tbe&e values there &re obtaitied
the oytim& load-r eolsta?ce ratios O* 0.12$ ”and 0.154, “-
the difference amounting to 26”percent . :“ “ “‘-

‘he effect cf $hk beam oh the’trim angle becomes
clehr if .~he ~gle”’is determined. as a function of “the’.
beam for cohetant Cmh * . For the previously mentioned

limiting beams there is obtained &“”difference “ofabout
5 percent. .

~he beam of the planin-ginzrface has a great effect
on the intensity of the spray. Since the lift coeffic-
ient decreases with dec.reaslng aspec!tratio; that is,
with Increasing beam, there.is a reduction in the dis-
placed volume of water and in the “wetted side length,
at whoiph the spray .bac”apes. The axient .bywhich the
spray fornatlon may di’ffe”rin the t“wopreviously d=
fined-limiting beams may be seen from figure 13 where
the two nodels are equ”allyleaded and have $he same
speed and trim angle.” Figure 14 sh-ows,for the example
given, the ratio of the static displacement V to the
total lift V Y/A as a function of a and It may be
seen that for the two limlting cases’the displaced
vol~e of vater of tohenarrow flea’t exceeds th”atof “ .
double the beam by 5 to 10 times, ..
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Irith~e conriectionthe position of the depression
behind the planing surface is aleo of significance. In

_’the’+firf4tan? second-pQr~tmla,of.”the tak~dff process of
a seapl-i~?tqq btki+.,1.ies~behi.ndthe fount-ah--on t~e:
water thus relie~ing the load”on the forebody and, on “
accou.ri~of the drnal.l$nit~al trim”of:thq fioat; resultin~
in a tiegafi~e trtm b? tlie qte+n;tihere..l~ “even set IUP,a
thrust .thtit-30wersthe r.?eisbartoe(refehdnce 2). . “.

,’:”: ..:. .. . .

“!i!he‘diktatice c “ o$””thefountatn behind the ’fra”il-”
ing-bdga”wae “rnbaaupidIi tests”22 to 27.ae ‘well as in.
a spe.oi~ test,ylth..planingsurface A uelng a 10s@ . .
corresponding to the take-off process. Iq f-lgure 15
the values 2+C are plotted against the trim angle a.
It may be sOOn thet .1 + c..ia pract:l.call~independent
of ....a “SW.that the.positinn of the fbuntatn with change
In.tkim”nngle is-tihtftiedlq lih.o.gaq”eOense.as the Cori–.
tour of the.wetted surface. . The value of :1 + c Ie .
approximately proportional to;.X* and. b

. ... . .. . .“~ ‘.
,...

““I+C= ,1’.Q6”I*b [20).. ,... ., .
..+ .. . ,. . .

as may be derlve~:from figure 151 .
.. .,

‘‘“ “(b) Eff&ct” Qf Load . -..

I.t.will now be determined how, for a given beam
and speed, the reeletanc~load ratio and.the moment
coefficient vary w“ith the load. “.”1

For .cons.tanta~egd and.a laarge “rari%e Of loads,
teate were coqduct.ed on plan.in’g“surface .A according .
to ths following test schedule:. .. : ... ,.. .

.,

Planing
hurface

. ..
A.

,/ At .,:
A“
ii
A

. .

!rJ?Jit

n~-
.ber

,; &
“16
20
21 “1!

0.3;’ 1.0 .0~0218
.3 . “..”,.~~....0646-
.3 50 ““”.109
.3 100 “ .218
.3 150 .327

1-.v~ s

io,
10

‘“.-”10.
10
10

.yll.

..

6.90
5.90

. 5.”%
4.?0
4.38

.- . -.
3Ae expreeeion given by Weinig (reference” 12) of the
fountain dletancq does not agree with the resulte obtained
by the author and not publlshed at the time and *S there
fore not taken Into acaount here.
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.,.,- ..;.,.. -,. i. :,-.,,. ;= :..:..,...... ... :.>...- -. ...... :....:... . -..,,.,..’... .. . ..:..:!. .-...-
. Ii .fl&re 16.%~~.rneaauped-valu~a:;w and...C~h are ‘

plott8&&a&’af~~e”t‘a..:Wi%ti‘“~- ~km.pikam%~:br.~a~ the... ... . .. ,.. . .....
t.hi3&eji;$call~.,co~,u+ 64” cui.+ds.* e,:4s o“”“’a.ho”ikm.Zi.rniy ~e’
ae_ey th’at~~or small gildav.qr+ge l.oaQa”“tm@e.r.q.bLst.ant+ “.
load rat i“o~nor?asp~..coqs.idqra%ly””with i~.crea’sipg-SQad
on account “of the Impairment of the asp.”ect’ratio. In “
doubl.~ngthe -loa&.for e%~plq, .from 25 to..50..~kzlograms,

~opt ..: “At. v’ery l.~ge loa~s-theb.~r e.ases. by ,~5.peicebt,.w. -

impat%noht~ is “slight on adcount “of.“the”“iacr”easlng.of-
fect 0% gY&v”ity.’ - “:“’: .“.. ‘ “::”. ““.”:.* . ..-., -.. , .,

“.Chack.of the ‘re”ldtibn .‘do&*~d~ “= ‘c$?3h’sliant” in the .

irivektiga~.d’Qrang&”for h“igher 1* ri~bers.- In..f Igure @

for tests X6 ,’18., ana 19 the wett.e’dlengtlis. 1’ have
been plotted again-et a and ‘made”to Intehaeet the’ ‘.
straight lines 1 = 0.3, 0,6, and 0.9 meter, carrm
spending to the aspeot ratios a~b = 1, 2, 3. The ca*
values are also plotted. ‘“Ttiese118 On straight lines
,whioh pass through Yhe origin - that is, in the range of
F* numhors, within whiqh tha.effect .of gravit~ may Be
ent Irely or approxlmat oly neglect ed dca*/da = oonstant

and thus the assumption .qnderlying foz?=ula (12) is
~ustifiod.

... .

. . . :. . . .
.. .

(.c) rnffect””o? the speed . “ ‘ . .. . .

“The t+k~off d$agram .of a.seapl~e shows two ro-
sistanco maximunis, the -first in the rango of the tr~sl-
tion from the float~ng to the planing condition, the”
seooniikoforo the get-awa#. “ It will now bo ihvostigated
to what oxtenk tbe formation of.these maximums .dopond
on the stern of the float. This qvestion may bo an–
swerba with the aid of the planing sur.’facewhich is “
equlvalont to the longitudinally straight forobody: “

~.E’ora larger” speed” range with “constant beam and
load tho resistance. an.d”moment.,’coeff~bientswore co&
putedl tho tabulated rebults beingtgi%on as,”follow:., ,.. , .

. . . .. . . . . . . .
. . . .:. . . . .., i;. .. . .

k

.8

. ..;”. . ..’
. .. . . . .

, ..
.... . . . ..

. . . -.i ..
, ., .. ... . .. ..- ,... ..

..”. ..



+, Planing
surface a

A
A“
ii
A
Al
Al. .
A
A
A

I)m

I

A~g
..”-,

,.

0.3
..3
.s:

:“ .43
“.3
“.3
.3
●“3
.3”

.“50.
.50.
50.

;.50.
50
50

.%. ..
30 ~

CB
,.

0.436:.
;302
.222
.170
.134
.109
..0767
.055@
.G424-

5
6

1. ,7
8.
9
10
la
34
16

2.63
3.16
3.69
4.21
4.74
5.26
6.32
7.38
8.44

27

——

2

2.92
3.!52
4.09
4..67
5.28’
5.94
7.00
8.18

.9’.55

Plotting e and ~h is functions of a with
v as parameter, figure 17, there 18 found the type of
relation familiar from float invetitigations. At lC)W
epoeds c increases approximately linearly with a,
the puro planing process not.ybt occurring. With in-
creasing speed the resistance increases, particularly
so at snail trim angles so that a maximum resistance
is soon obtained at moderate trim anglee. After exceed-
ing tho maximum the resistance’again” decreaEies with in-
creasing speed. A second maximum therefore does not
appear in the case of the planing surface and the ap-
pearance of euch a maximum for the float is to be .
ae:crlbed to the wetting of the stern by the spray. In
the plot, figure 18, g~vlqg c and C@ as functions
of F. the formation of the first maxhhun is brought
but.with particular clear~ess. The Indicated boundary
.iwrve.of the pure planing condition:”shows that the
latter occurs before the maximum is reached. Resistance
and moment maximums lie, as aleo In the case of float
investigations-, at about the came speeds, so that the
greatest trim angle ‘coincides with the resistance maxi-
“mum if the “planing‘suri’~cepianee free to trim, “

.“

Vheroas, with decxeased sped the resistant-load.
ratio i~creases on account of”the impairmsmt of t.ho ..
aspect ratio and on .noglectlng gravity tbero would be

-. ‘abta$~odth,e,up~r,.cuz%a ,c.$.f,~~rq.~9,,t,he-of,fectof
gravity in the lower speed range is to de”crease the re-
sistance to such an extent ,that.with tho second curve
branch.a ros.istance maximum occurs. By support of the
stern tho maximum In a float may bo considerably affected
as a~lalned in reference 2.
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(d) ~ff~ct @f the.Scale “ ““ “

..

.

I.twill now be investigated to what extent slmi~
larity applies aq’regarss the pressuTe surfaces and
cetitor-of-pressure “position and whether the scale ef-
fect Is given solely-by the dependence of tho frictional
ooefficfont on the Reynolds number. By -investigating
a family bf planing surfaoes thts question may be an-
swered for the case of the-pure planing process.

Six.plane rectangular planing surfaces of various
beams ircr; Investigated acc&dlng-to the.following test
schedule:

P1an-

ing
sur-
face

1

A
3“
4

. 5
6

T
!i!Ost3klll-

“number aoale
flying
boat

k~

I 1
2

28
2,a5,29

30
31
32
33

4

.3:.66
16
24
32

6’1111-

mcalo
twin
fl oat
eea-
plane
is

1

2
4
5.33
8
12
16

bm

2.400
1.200

0.600
.300
.225
.150
.100
,075

0.109
.109-—.—
.109
.109
.109
,109
.109
.309

‘kg

9216
1152

--144
18
7.6
2.25
,660

.. .281

3,74
3.74-—
3.74
3.74
3.?4
3.74
3.74
3.74

-.—

vE1/s

L6.96
L2

In figure 20 the values of C, “]/b, and cmh*

obtainod from the msasurod valu-es are plotted a~a$-n.st--
a W:th Ay aO parameter. Planing surface l.iwithin
b = 0,600 meter Is the widest of all surfaces investi-
gateed. I’orthe sc~le comparison the full-scale design
was a flying boat of be-am b = 2.400 meters with A
= 9216 kilograms and G = 12,288 kilograms (A~= 1).
The planing ”surface with “b = 1.200 meters and A = 1152
kilograms, G = 1536”x2= 3072 “k~logr~e corresponds to
the design ,oY a normal. twin-float seaplane (As = 1).
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, .. .The.COB41XIUOUS ~rveta show the .~arl-ation of the..
values obtained by cornputktioh‘wIIIcM were- determined -.. .
for all oondltions for which pm > 50 kg/ma. At smaller

pressures at which, o-naccount of the effect of surfccc
tensloon.”,the pure p3anfng procees has discontinued the
d6tehminatlon ot the re-sistanoe““isnot possible.. In this
case th-edotted curves show the V~iation id the meas-
ureit..values. “ . . . .

. .

T’hdvaluee itet6r.mdnedIn tlie.,series of tests for
the aspect ratto I/b and the moment. coeff~clent ~h*..
arrange themselves “iri’such a manrier-that:no regular
deviation,j~rom.an averaging cur~d through tha test points
(thih curve has.not b6en drawn on..~hediagram) can be
established - that S“s, in t%e pur,epl~i.ng process there
is conplet.e sirnila~tt.y-ofwettO~ .sVr.faoeand moments and
hence also of preseure di~tr$btitlon...The.sim~larlty
still ilolds In:”%hose“ranges iriwhich the Surface tension
exerts an effect on the planing condition.

. . . . ...“.

The resistance-load” ~atios become more ~avorable
with .increasin~,.sise of.planing surface on account of
the decreasing -#esistance coefficient, a shift in ‘Opt
tower.d emall angles ta$ing place. on acoo.unt of t~e
fact that cf.! 1s approximately constant ‘in the range

R=ii5xloe the ratios are practically equal for
average scales. With further decrease the resistances
strongly imncreaeecm account of the effect of the =dr-
face tqqeion, with. aopt shifting..considerably::inthe .

..... . .. ...
direqti,on of hi~her ag”gl.es,..“ . , . ,, .:“ . ....

. .
● “ .The:imp.ainm”~q~t““!ri.:J.‘for..e.q”ual “Cmh*. ; z/b, ha..

● a for. the flylng boat .-d twim float .s.eaplae is glv”en‘- “
> I In the.following t-able: “ F.. ..

. . . .. . . . . .. . .

.vY.4u%. ~oa! . . .-. -
~wtn float .se.ap18i8” .. .

.-b.= 2.4Q0 m . b“= Z,200 m.,., ..
ii ‘.”“.s#&a tieti%--’-“’ ~*,*..,,.. j&c.&l.t,. .

“.““2 “ . 7;2. ..’ .“. ..2 . .: ~m~. .

‘4 ““11.”3 “ ~ ““4 10.”5. .
“e: 18”.5.n- “ - 5.33” 21.8.,
10.66 30.6 . 8 “32; S: “
.“16 12 77.4
24 :: 16 107 r
32 122......- .... . . . ...
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“Yhe abov”eflgure~ show that tests .wlttimodels- of “
too sn”alla-scale’ (b ‘< 0.15 Jnr) such as w.ere malnl~ .
“conducted in &gland; for ex’hnipls+.”(re~erehtde .10)and in
It&y, (mefere.n.ce11) since the.beginning of flo.a$ln-
vOs.tigations,..cannot: be used f’o.r.$.he.determinatlon of
the..resi8tanoe, qi.ncg the .addit:lnnal.reslstances arls$ng
under the effect .afthe e.urfaceteneio.ncanriot.be d- .
terui.nedm Also in the caae o.fsomewhat Larger amodela “
the difference In the ratioa between model and full- -
aoale dqaign la .q$ill-c.onalderable~L tranafer of the
model teat .reaultq according to the.method here gi,ven
to the.full-scale. design ia practically .impoaaible on
account -of.thq difficulty dur$ng the tba~ in determin-
ing the vetted ~.artiaby rneaauremeiit..rt ia only after
the construction of “towing tanka with high carriage .
velocities that that.a on large aoa$e rnodela became “
poa$i]le. for which, epeh with no account being taken”of
the bcalq effect - that ia,.tilth.the abaumption: . .

. .. . “
..

and “ (21)

reaulta are.obtained ‘thatdqvlated from the true values
only uithin the accuracy .usual In pasaing from the model
tO full-scale COmpUtati Ona. ..: ..

. .

!Cheabove example’ ahowa that in paa.sing from the
model to.the full-a cal-edesign ..acccrding.toformula (21)
one ia on the safe aide. On account of the additional
roughnaaa and wave effect (reference 1.3.?which cccurs
particularly in the caae of riveted sheet bottom of the
full-scale de-sign the..actual differences. between the
reaiatance computed from the model. and the true one are
smaller than given in the prevloua. table aa la shown by
scale teata conducted on famlllea of floata (references
14 nnt 15).1 . .

lT.lle.poaaibility should be noted that in th~ model of
very large .acale the difference of the friction coeffi-
cient of .t~emodel and full-scale. design la ao small
that on account of the roughneaa-and wave effect the re-
aiatance .o.Ethe f.ull—scale daaign..may be higher than
that obt~~inedfrom ‘themodel computatlgn bu~ does not
come into.canalderat.tpn in the CraEeof the usual acalea .
employed. .,... ..
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. (3) The V-30%ttomPlqn}ng Surface-.,

(1) Basic Equat$ons and Determination of the Lift,
. . . .

Resistance,. and Centqr o“fPressure

B’or a longitud~nally Etraight V-bottom planing eur-
face the resultarit pbrmdl force on one elde Ie acoording
to figure 21

IT .A. ““ ‘.” ““—=
2 .2 COS3

or the total normal force

A
m.—”

Cos d

The lateral components Q balance out. “

The produotion”of the lateral speeds corresponding
to the lateral components Q for equal lift and other-
wise equal conditions, particularly equal effective beam
results in an additional exit loss and henoe an increased
reeistanco vhlch corresponds approximately to an increase
in the load and Is equivalent to a lift increase from
A to M = A/cos +. That this actually represents a
useful approximation *S also shown by the analysis of
the further tests. There da therefore eet

Xor the length there is taken the mean length lm

of the wedge-ehape surfaoe ‘~D the forward bounding
. . . line of-”thepressure-area, --in-oorreepondenoe to test

measurement being taken as a etraight line, and a
etagnatton Of conetant height along this line being
assumed. The as>ect natio. 19 then

.... .
. . ● ✎ ✎

✎
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1 ❑
~=.zm.-

I)b bnat
“ (24)

. . .,

I?rom figure 22 the length of the pressure area qt
the keel, equal ““tothe maxinnimwetted length, is deter-
xhined by

and at the outer edge of the planing surface

_ tand
tan a

(25)

●

Tho full beam of the V-bottom planin~ surface contributes
to tho support as

or

and therefore

If

. .

the natural beam

that of the beam

long 8S . “

. .

Im tan d
.—. ~o””
b 4 tan a

“.zm~” tan d -
—=— .“
b 4 tap g

,.
(26). “

. .
.t&~ “ J .

>=

.4tana b.
. .

bnat’ of the pressuro surface is below

b of the planing surface and

(27)

In coritrast to the flat surface for which, with increased
beam of the planing surface the aspect ratio OX .t.he.pros-
sure area also becomes more favorable, since the trail-
ing odgo of the planing surface is always utlli~ed to its



—

... ..

,

t
r

full extent , In the case of the V-bottom “surface there”
‘“-occur-sEL‘-1’im”i.tihjg-beam bnat “of the’”pressur-e area

whioh .is at the s~p...$~me the.most favorable beam of
the planing surfa~e for ~he g,iven load relations. The
portions of the planing sfi.faoslying’outside of the
pressure area “aro wet~ed by”the spray which is retarflod
on tho surface and so increases the resistance. They -
aro therefore, without being utilised for “the support.
of tho surface, the cause OX qddit. ionalresistances “
which nre larger the:mdre. t,hew%dth of the planing sur-
face exceeds the natural “’widthof t.kepressure area.

In the case ot’.:~he.s:eapltinefloat this c&dition . “.
occurs according to figure 23 before the got-away. .
Since in tthe outer free bottom strip of width (b - bnct]

a powerful spray is directed backward, the stern of ona
float Is also wetted and under certain conditions such
large additional resistance may be set up that in spite
of the small residual loading of planing bottom the total
resistance of the aircraft ‘attains the val.vo of the pro-
pellor thrust and take-off is impossible.

The assumptions required for the numerical determi-
nation of the friction coefficient on the size of the
wetted surface 3’ and the Beynolds number R obtainoll
on tho basis of test observations are the following
figuro 23a. ,

., tan ~.Cnso 1) loaded beam: b if — <’ ~
4 tan a b

b-’=bnat If
tan 4

Caso 2) lQaded beam: =
4 tan cc

.-, lb”:... . r,.—.. ... Coi”ar:‘ ‘“ “ “ ; ..., “... ... . . . .

21
. and tan Y = z 10

1- bnat

L. .——. . . . —,-.—— ,, ..., . ..— —
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. . .

bna’=-
. . .
and

. .

00 that

1~
l.2—

bnat
bnat

3’=
2 (b + bnat)

2 Cos a

q.lz

1

(29”)

Gaso 4) loadod beam: bnat if
tand >~

4 tan a b .

3’=

R=

2

and tan Y =

( )bnat + A

21
.<10

11- bnat

(30)

In cases 1 and 2 the water escaping from the forward
oontour of the wetted surfaoe and the water running along
the surface as a film oovers almost the entire width of
the surface so that 1 .is to be used In the determination
of Y and R. In case 3 the” llmlti of the spray water
wetting iS given approximately by the dotted curve. In c
case 4 no further wetting of the edge portions occurs
with further increase in.width’-efthe plhning surface.
The limiting value is for tan Y = 10,



.— — . - -. —-— —--- .—

(2) AippZ4”c@lon of the Results for the Determination of!,. . ..-----. .- .,, ......
.-~j‘(”a) ~e Effect of the V 8hgl~ - “-”.”- I. . .

,- .:. . . -.

““ ?Theh~as, the impact forces In t~ke-off and landing .
decrease ‘with “incr”eas..ein.V.angle OS the float’, the re
sistance increases. “The dependence of the resistance on
the V angle will now be found.

. . .. .. ...”

Four recttigular planing surfaces of variotisV
tigles and constant beam were .Investigated according to. .
the followtdg ttiti xiaiieaizlb::: ““ “ . . “ - .

..-—

Planing
Burface

A
.7 .

:
10

. .

Test I It“ Akg .
num-...
ber

2 &~25

II
i800. 18

- 34 .1600”” 18
36 150b 38
36” 132° “- 18
z?.. -. 100° . ‘.18...

0.109.
.109
.109
.109
.109

6
~:..

6
6“
6

. .

3.?4
3.74
3.74

“ 3.74
3.74

In figure”24 the computed coefficients “‘c and
%h* are plotted against a with 1 as parameter;

the values of cmh* being given by “th.ddotted curves.

The computed curves are..con~~nuoue. Very. gooda~eenent
is shavq b,etweenthe computed .-d tesmt-values. of . c,
the,as.sum~tion lying at the..basi.s.offormula (23) thus
being ,confirrned. . Only .ip..th?...case ,of the sharpest Y
bottom &O the .tesk yal-ues.at @mall trim angles .s”hQw “..
any aqyl~ti.on.from “$h.?;.general shape .ofthe .cur”veesince
In this case $.hes,tatio~~y dliaplac.ed..vol.umaxzf water is
practically equal to the entire lift so that .i~ spite
of free side edges the process is more “like that of
floating ~han that ...of.planing. Correspopdln.gly.tbe pres-
sure drop at the sides ~.s”,sma.11,and hen~ce the .spray. .

-, ‘form@,l~1.nreak.,..TIM..i@a%ess.1.onI* -stmonglymkeeled and
there is formed a short “di.etance behind the planing eur-
face a low fountain extending over some distance. The .
spray development then Inoreases up to a V angle of be-
tween 100° and 132°. With further increase in the angle,
howevor, there is a strong decrease in the spray.
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The angle of rnlhimum resist’anck aop~ Increasea .
with increasing V angle. The conneetig~-straight line
aOpt has according.to the a~sumptlon made in the compu-

tation the same trend as on increasing the load of a
flat surface (fig. 16). For =Opt .according to figure
24 there is an”Increase In the drag with V angle given by. .. . .-. ..”

. . .. . , “
e - co
—100=1+404+ 82da

co - . ,,... . ?..
. . . .. . .

In the formula for the flat plate-if. 1
placed by .Zm there is obtained

.....

(31]

is re-

The agreement of the computed and experimentally
deto~.nined values of cmh* is very gaod up to medium. .
V .anEles; at larger angles for constant Cmh* the

difference remains lees than-lo wo thd hede tao.a ..
sufficiently accurate determination of the trim angle
is possible. ,..... . .

(b) Effect of the Beam

In the take-off of a seaplane the wtath. of step of
the Y-bottom float, on account of the small residual
load aridthe high dynamic pressure exceeds the natudal
vidth of the bottom surface under pressure; in contrast
to the flat bottom for which the $u1l beam at step in
the pressure area 3s Utilizes. The most favorable width
of tho Y.bottom depends therefore on.the load and the
dynani.cpressure. . .

For the purpose of testing these conclusions plan-
ing surfaces with two V-bottom anglee and various beams
were tested according to the following test schedule:

.“ .: .,.

.,. .. . . . .

. . . . . .
. . . .



.— .— .

19ACA !l!~[NO- 1061

Planing
Burface

12
13
14
15
12
13
14
15
17
18
19
16
17
18
19

l?oOt P
. . . . .

num-
bor-
38
35
39
40
43
44
45
46
36
41
42
47
48
49
50
. .

u—
150°
1500
150°
1500
150°
150°
150°
1500
132°
132°
132°
132°
132°
132°
132°

0.150
.30
.472
.772
.150
.300
● 477
.772
...300
.444
.730
.150
.300
.444
.730

Akg

18
18
18
18
50
50
60
50
18

“ 18
18
50
50.
50
50

CD
. . .

0.435
.109
.044
● 0164
.435
● 109”
● 0431
.164
● 109
.0498
.0184
.435
● 10.9
.0431
.0164

——

‘CB*
-, .,-,.

).142”

.142

.142

.342
,071
● 071
.071
.071
.142
.142
.142
.071
.071
.071
.071

Vrn/,E!

6
6
6

“ 6“
10
10 “
10
10
6
6
6

10
10 “
10
10

2*

3.74
3.74
3.74 “
3.74
5.26
5.26
5.26
5.26
3.74
3.74
3.74
5026
5.26 s
5.26
5,26

6 areIn figures 25 to 28 the measured values of
connocte.dby dotted curves and cmh* plot-ted against a.
Tho continuous curves give.ttieresults of the computed
values. !Chedifferences between the two are indicated
by arrows. Since beyond tha limiting curve, (fig.9)
no puro Blaming condition is set up, the computed curves
aro aleo dotted. . Good agreement is o%ta$ned between the
planing process determined from the diagram and that from
tho observed appearance of the fre?.planing condition.

In a comp~rtdon of the “values- of -c “for pure plan-
ing conditions it is found that the test values are
always somowhat below the computed values but otherwiso
the curves are slmiIar. This 1s probably to be as- o
cribod to t’hefact tha~ the mean flow’ direction on” the
additlbnal wetted areas does not agree with the diTee-
tion of travel so that the reelstance -ie.increased ‘only
by a component of the additional “frictional resletance.

“ In.spite of this for meet purposes the numerically com-
.. “-p~o%;~~ are sufficient ~-greategwfgf’e~e~q$-

AC ● s
..-.- .,

An optimum beam which is”obtained-both experlm”en-”
tally and by computation in the abovqtexample lles
botwoon the two mean beams, the e~erimental value
bolng somewhat higher than the computed value.

IIIH ■ Ill-mm- m —. . . , - —.-.. . . . -— -
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.The ve~-u~a .Qf ~~ agree. ~very well, the diff”k

enoes botuqori etiqrimemt and computation amounting for
oonstant Cmh* nrQetly .toless than 1“/20 and in the. .
meet unfmvorable case to less than. 10..”: ..,,.
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Figure 10.- Frictional coeffi- ~
cient cf’ .as func-

tion of Reynolds number R.
Mean values of test series 1
to 33. Flat rectan=nlar pla-
ning surface.
Figure 11.- Center of pressur~
c Position tp/t as ~

function of aspect ratio Z/b Y
with Froude number F* as par- ~
ameter. Flat rectangular pla- o
ning surface.
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